INTRODUCTION {#sec1-1}
============

Heart transplant surgeries using cardiopulmonary bypass (CPB) typically requires mechanical ventilation in intensive care units (ICUs) during post-operation period. Some centers attempt early endotracheal extubation as part of a fast-tracking strategy, whereas others prefer mechanical ventilation in ICU as their routine patient management in the postoperative period.\[[@ref1]\] Generally, the term "early extubation" is applied when the endotracheal tube is removed within 6 to 8 hours after the surgery.\[[@ref2]\]

Fast-tracking and early endotracheal extubation have been described in patients undergoing various cardiac surgeries; however, criteria for patient selection have not been validated in a prospective manner.\[[@ref3]\] Ultra Fast-track extubation (UFE) has been applied when patient is extubated in operating room (OR). The desire to reduce hospital costs by shortening ICU and hospital stay interest in early extubation has become oblige to current cardiothoracic surgery.

Besides, late extubation expose patients to multiple risk such as infectious complications, ventilator associated pneumonia, and atelectasis. The purpose of the present study was to determine the possibility of fast extubation instead of late extubation in post heart transplant patients.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was reviewed and approved by the University Review Board and hospital ethics committee and has been performed in accordance with the ethical standards laid down in an appropriate version of the 2000 Declaration of Helsinki (<http://www.wma.net/e/policy/b3.htm>). Information about trial was given comprehensively both orally and in written form. All patients gave their informed written consents prior to their inclusion in the study according to University Hospital Ethical Board Committee.

Patient selection {#sec2-1}
-----------------

Patients were selected in a prospective, randomized, controlled trial at a 1-year time period from those who underwent heart transplantation. Patients were eligible if they had undergone cardiac transplant, higher than 18 years of age. Randomization was performed based on odd number to ultra-fast-track extubation and evens to standard extubation. Ultra-fast-track extubation group were defined by extubation inside OR right after surgery. Late extubation group was defined by patients who were not extubated in OR and transferred to post-operation cardiac care unit (CCU). Patient in late extubation group had successfully passed mechanical ventilation weaning screening test or spontaneous breathing trial on the day of extubation.

Exclusion criteria were any patient with lung problems (impaired preoperative pulmonary function test), younger than 18 years or older than 70 years, pregnant, had a Simplified Acute Physiology Score II greater than 80, mechanical ventilation preoperatively, surgical procedure complexity assessed with the Risk Adjustment for Congenital Heart Surgery (RACHS) score \<4.\[[@ref4]\] Contraindications to ultra-fast-track extubation were (except for failure to meet standard extubation criteria) hemodynamic instability and persistent bleeding at the end of operation.

Demographic, preoperative and perioperative physiologic and radiographic features, coexisting conditions, and mechanical ventilation characteristics at randomization were recorded. Preoperative predicted operative mortality was calculated using the European System for Cardiac Operative Risk Evaluation.

Ultra fast-track extubation {#sec2-2}
---------------------------

Patients underwent ultra-fast-track extubation in OR in case of stable hemodynamics (blood pressure, heart rate, and respiratory rate), warm peripheries, adequate blood gas exchange, adequate muscle strength, satisfactory urine output, acceptable hematocrit chest tube drainage, and adequate pain control. Postoperative transthoracic echocardiogram was done in all patients before extubation.

The reasons given by the anesthesiologists for deferring extubation are listed in [Table 1](#T1){ref-type="table"}. Significant pulmonary hypertension (PHT) after the discontinuation of cardio-CPB had been completed (independent of preoperative PHT). it was the most common cause for deferring OR extubation, followed by hypoxemia, coagulopathy, and hemodynamic instability.

###### 

Characteristics and pump time and hospital discharge days of patients with
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Statistical analysis {#sec2-3}
--------------------

All multiple comparison tests were two-tailed. Direct comparisons between two treatment groups were performed with the unpaired Student *t*-test or the nonparametric Mann--Whitney test when the data sets were not normally distributed. A survival analysis was performed with Kaplan-Meier and Cox proportional hazards (COX PH) analysis. A *P* value of 0.05 or less was considered significant. All statistical analyzes were performed with Statistical Package for the Social Sciences (SPSS) 18.

RESULTS {#sec1-3}
=======

Eleven patients were ultra-fast-track extubated (UFE) within operating room and 12 patients were late-extubated (LE) after 24 hours in CCU. Mean duration of ventilation among UFE patients was 36.2 ± 12.3 minutes and among LE patients was 28.7 ± 9.6 hours. The mean age of UFE patient was 35.7 ± 14.6 years and 39.5 ± 16.8 years in LE (*P* \> 0.05). The mean weight of UFE patient was 76.8 ± 15.3 kg and 72.4 ± 18.4 in LE patients (*P* \> 0.05). The mean CPB time was 136.8 ± 25.7 minutes in UFE and 145.3 ± 29.8 in LE patients (*P* \> 0.05). Various aspects of UFE patients are provided in [Table 1](#T1){ref-type="table"}.

However, patients in the prolonged intubation group had more frequent unscheduled extubation and reintubations or recannulations. After adjustment for repeated operations, heart transplantations, and renal replacement therapy at base line remained similar between group differences in primary and secondary outcomes \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of patients outcomes characteristics between Ultra-fast-track extubation and late extubation
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Finally using Kaplan-Meier and COX PH analysis, we considered death in follow-ups as status variable (event). Patients were censored from study if they failed to follow-up. The length of survival was the time between operation and death or end of follow-up time at 400 days. In survival analysis, there was no significant difference between UFE and LE groups (Log-rank test *P* = 0.9) \[[Figure 1](#F1){ref-type="fig"}\].

![Kaplan Meier survival curve for both fast-track and late extubation groups survival were not significantly different (Log-rank test *P* value = 0.9)](IJCIIS-5-89-g003){#F1}

DISCUSSION {#sec1-4}
==========

Late extubation and mechanical ventilation is a part of postoperative care in cardiac surgery. Recent advances in surgical and anesthetic techniques have facilitated early extubation following cardiac surgery and heart transplant.\[[@ref5]\] Potential benefits of an early extubation are decreasing cardiac and respiratory morbidity,\[[@ref6]\] increasing cardiac performance, and lower rate of nosocomial pneumonia.\[[@ref7]\] Early extubation has been shown to expedite ICU discharge\[[@ref8]\] as well as overall length of stay, thus leads to reduce cancellation of surgery and decrease cost of patient care.\[[@ref2]\] Studies have shown that early extubation after elective cardiac surgery of patients has not increased perioperative morbidity.\[[@ref9][@ref10]\]

In this study, ultra-fast-track extubation has provided much benefit for patients, who require prolonged mechanical ventilation after cardiac surgery, in terms of mechanical ventilation duration, length of ICU stay, mortality rate, or frequency of infectious complications like ventilator associated pneumonia (VAP). None of the patients had any severe underlying disease to compromise our study. The major factor that caused delay in UFE strategy was deep sedation and confusion. The reason for deep sedation was variable doses of intraoperative fentanyl and midazolam.

Other groups employ UFE strategy for all patients undergoing elective coronary artery bypass grafting (CABG) surgery, fulfilling the fast track criteria with the aim to wean and extubate patients within the first 6 hours following surgery.\[[@ref11]\] In another study on 109 patients, no patient required reintubation within the first 24 hours after operation and only one patient required reintubation 3 days after operation for sputum retention.\[[@ref12]\] Ultra-fast-track anesthesia using an ultra-short acting opiate remifentanil was used in 160 unselected patients undergoing off-pump coronary artery bypass grafting. Extubation within 10 minutes of the end of operation was feasible in 150 patients (94%). Five patients (3%) were extubated within 2 hours, and the remaining 5 patients (3%) were converted to standard anesthesia.\[[@ref13][@ref14]\] Another study on 304 patients receiving either a typical fentanyl/isoflurane/propofol regimen or a remifentanil/isoflurane/propofol regimen for ultra-fast-track cardiac anesthesia showed the efficacy of utilization of remifentanil and fentanyl in fast-track.\[[@ref15]\]

In another study, it has been showed that CPB time and aortic cross clamp time are two factors which delay the early extubation.\[[@ref16]\] Age, weight, sex, severity of pulmonary artery hypertension, and type of ventricular septal defect (VSD) did not affect early extubation.\[[@ref17]\] Longer CPB time is consistently associated with prolonged mechanical ventilation after coronary artery disease (CHD) surgery.\[[@ref3]\] This is not surprising, because longer CPB time is required for more complex cases or if unexpected difficulties occur.\[[@ref18]\] Despite this, the complexity of the cases alone did not predict successful extubation in the OR in our analysis. Furthermore, longer CPB time is associated with an increased risk of inflammatory response syndrome with generalized edema, decreased respiratory compliance, acute lung injury, and coagulopathy, all of which affect the ability to extubate a patient immediately after surgery.\[[@ref19]\]

In conclusion, patients undergoing elective repair may be managed with "ultra-fast-track extubation," without increased morbidity and mortality. Prolonged unnecessary hospitalization contributes little, if any, to a more favorable therapeutic outcome. Family reliability and ready access to the cardiac surgical team will result in satisfactory outpatient resolution of most late-onset complications. Implementation of ultra-fast-track extubation provided adequate hemodynamic control and facilitated OR extubation in all patients.
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